Base titration methods are used to determine C-parameters for twenty EUV photoresist platforms. X-ray reflectometry is used to measure the density of these resists, and leads to the determination of absorbance and film quantum yields (FQY). Ultrahigh levels of Photoacid Generator (PAG) show divergent mechanisms for production of photoacids beyond PAG concentrations of 0.35 moles/liter. The FQY of sulfonium PAGs level off, whereas resists prepared with iodonium PAG show FQYs that increase beyond PAG concentrations of 0.35 moles/liter, reaching record highs of 8-13 acids generated/EUV photons absorbed.
INTRODUCTION
As the semiconductor industry continues to follow Moore's Law, the demand to print ever smaller features continues.
Extreme ultraviolet (EUV) lithography is the leading candidate for 22 nm half pitch manufacturing. Despite recent advances in EUV resists, simultaneously achieving the required Resolution, Line-edge roughness (LER) and Sensitivity remains a significant issue for EUV (Fig.  1). [1] We refer to the competing nature of these three crucial elements as the RLS trade-off.
[2] Gregg Gallatin and coworkers [2-4] have described the nature of the RLS trade-off using an analytical model. In Gallatin's work, as well as our own, [5] predictions have been made suggesting that the best way to get the required resolution, LER, and sensitivity all in the same resist is to create more acid/photon absorbed (increased film quantum yield). We define the film quantum yield (FQY) as the number of acids generated in the film divided by the number of photons absorbed by the film (Figure 2 ). We assert that this quantity is more appropriate than the quantum yield as traditionally defined and that FQY is an important indicator of LER and RLS performance of EUV resists. In traditional photochemical experiments, a compound is dissolved in a transparent solvent and irradiated. Photochemical reactions can, thus, be traced back to the absorption of a single photon by a single molecule. In EUV exposures, however, all components of the resist participate in the absorption of the light and interact with the photoelectrons.[6-13] Therefore, we study the absorption and acid generation in the whole film and call this ratio, the "film quantum yield" to distinguish it from the conventional photochemical definition. We prepared several resists using the iodonium and sulfonium PAGs (Figure 3 ) with loadings from 5 to 70 wt%, then tested their coating quality, outgassing, and unexposed film thickness loss (UFTL, Table 5 ). All ESCAP with TPS-PFBS exhibited good coatings, even with as much as 70 wt% PAG loading, while those with TBPI-PFBS exhibited good coatings up to 40 wt% PAG. Resists prepared with 50 wt% PAG gave poor coatings.
Unexposed Film Thickness Loss (UFTL).
Before performing imaging experiments, we evaluated the ultrahigh PAG formulations for UFTL or dark-loss performance. Resist films prepared with 15-50 wt% iodonium PAG (TBPI-PFBS) and 15-70 wt% sulfonium (TPS-PFBS) PAGs were coated and baked using Post-apply bake (PAB) and Post-exposure Table 2 . All of the iodonium resists showed acceptable UFTLs of 6-17 Å. The resist films prepared with the sulfonium PAG tend to have much greater UFTL values. Only the diluted 0.13 N developer gave acceptable UFTLs and only when the level of sulfonium PAG was less than 50 wt%.
During imaging experiments, all resists prepared with sulfonium PAGs were developed using 0.13 N TMAH.
Outgassing Tests.
Outgassing measurements for ultrahigh iodonium and sulphonium PAG resists (7.5, 25 and 40 wt%) were carried out using the EUV ROX tool at CNSE (Table 3) . [20] The typical procedure is to expose resist films to 2.5x the clearing dose (Eo). Surprisingly, all resists passed the SEMATECH limit of 6.5 x 10 14 molecules/cm 2 , even when the resists 3. CONCLUSIONS iodonium PAGs appear to generate acid by a mechanism that differs from that of the sulfonium PAG when the concentration of the PAG is very high (> 0.35 M).
We used base titration methods to determine C-parameters and film quantum yield for twenty EUV photoresist platforms. X-ray reflectometry was used to measure the film density leading to the determination of absorbance. EUV exposures at Albany and Berkeley were used to determine C-parameters leading to FQYs. We found that it is possible to reach a film quantum yield as high as 3-4.3 acid/absorbed photon for resists prepared with 30% sulfonium PAG, but that the FQY appears to level off at concentrations of ~0.35 M sulfonium PAG. The C-parameter of resists prepared with ultrahigh concentrations of iodonium PAGs first decreases with [PAG], but then increases dramatically above ~0.35 M concentrations of PAG. The FQY reaches a maximum of 8-13 acids generated / photons absorbed when the concentration of PAG is 40 wt%. This is the highest quantum yield yet described for an EUV photoresist.
We think that EUV resists prepared with ultrahigh levels of PAG show great potential as a pathway to improve resolution, LER and sensitivity simultaneously, and we will continue our work with these interesting materials. The published resists (OS resist), chemically amplified resist (CA), were composed of ESCAP terpolymers with either Di(4-tert-butylphenyl) iodonium perfluoro-1-butane-sulfonate (DTBI-PFBS) or Triphenylsulfonium perfluoro-1-butanesufonate (TPS-PFBS) as a PAG, tetrabutylammonium hydroxide base (TBAH), and 50/50 mixture solvent of ethyl lactate (EL) and propylene glycol methyl ether acetate (PGMEA). The ESCAP terpolymers were received from duPont Electronic Materials and were composed of 4-hydroxystyrene/styrene/t-butyl acrylate with 65/15/20 molar ratio, respectively. DTBI-PFBS and TPS-PFBS used in this study were purchased from Toyo Gosei. Initially, we formulated OS resists at different PAG levels based on solid from low (5, 7.5 and 10 wt%) to high (15, 20, 25, 30, 40, 50, 60 and 70 wt% of resist solid), all at 0.5% TBAH loading. After we optimized the resist formulations based on the coating quality, outgassing testing, and dark film loss studies, we selected DTBI-PFBS loadings at 5, 7.5, 10, 15, 20, 30, 40 wt% and TPS-PFBS at 7.5, 15 and 30 wt% for imaging experiments. For each of this PAG concentration we prepared a series of OS resists containing different base TBAH loadings. In all cases, 
